Introduction: We aim to predict results of varicocelectomy on sperm density and progressive motility using preoperative clinical, laboratory and radiological data and to propose cut-off values for significant parameters. Methods: This prospective study was carried out between July 2011 and June 2014. We included 123 patients in our study. They were diagnosed with primary infertility with varicocele, were scheduled for varicocelectomy, and completed their follow-up. We excluded patients with azoospermia, total necrospermia, recurrent varicocele, and pituitary hormonal abnormalities. Varicocele was diagnosed and graded by physical examination and colour Doppler ultrasound. Semen analyses were completed preoperatively and 6 months postoperatively. Microscopic subinguinal varicocelectomy was done in all cases. Patient demographics, pre-and postoperative clinical data (varicocele grade and semen parameters) were statistically analyzed. Results: The mean ± standard deviation of age, body mass index, and subfertility duration was 28.3 ± 7.4 years, 29.1 ± 2.7 kg/m 2 , and 21.9 ± 7.1 months, respectively. About 53% of our patients (n = 66) had bilateral varicocele, and unilateral disease was found in the other 57 (46.3%) cases. Varicocele grade I was diagnosed in 42 (34.1%) patients, while the other 81 (65.9%) patients had grade II or III. Higher grades of varicocele, preoperative total testosterone level, sperm density, and progressive motility had a statistically significant impact on the outcome of varicocelectomy in univariate testing. Multivariate logistic analysis revealed that grade of preoperative varicocele (95% confidence interval [CI] 5.6-6.3, p = 0.007) and sperm density (95% CI 2.7-1.6, p = 0.0035), and progressive motility (95% CI 1.1-2.3, p = 0.0123) are independent predictors of semen parameters improvement after varicocelectomy.
Introduction
Varicocele is an abnormal enlargement and tortuosity of the pampiniform plexus of veins in the spermatic cord. It is the most common identifiable cause of male subfertility, with an estimated prevalence of 15% in the general male population and up to 40% in subfertile men. 1 One of the theories of the varicocele influence on spermatogenesis is the resultant venous blood stagnation in the testis that increases oxidative stress and hinders spermatogenesis through a thermal effect. 2 Varicocelectomy is by far the most common procedure to treat male subfertility in patients with clinical varicocele. It reduces intratesticular temperature to the normal range. 3 Hence, semen parameters not uncommonly show significant improvement following varicocele ligation. There are many approaches for varicocelectomy. [4] [5] [6] Initially open surgical approach was the standard, but now there are alternative approaches, such as embolization and laparoscopy. 7, 8 The effect of varicocelectomy on semen analysis is controversial. Many articles report favourable outcomes, 9-11 and others do not. [12] [13] [14] Some authors noted an increase of total motile sperm count by more than 50% and spontaneous pregnancy rate of 37% achieved after varicocelectomy. 15 Many authors tried to define preoperative parameters as patient age, obesity, and semen parameters to help predict varicocelectomy outcome. [16] [17] [18] [19] There is no literature regarding defined cut-off values for parameters that can predict a successful outcome of varicocelectomy on semen analysis. We aim to predict results of varicocelectomy on sperm density and progressive motility using preoperative clinical, laboratory and radiological data and to propose cut-off values for significant parameters. Predictors of improvement in semen parameters after varicocelectomy for male subfertility: A prospective study
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Methods
This prospective, non-controlled, observational study was carried out between July 2011 and June 2014, and included patient candidates for varicocelectomy with at least one abnormal semen parameter. Local ethics committee approval was obtained as was informed consent from every patient. Physical examination was done in both erect and supine positions. All patients underwent scrotal colour Doppler ultrasound during rest and Valsalva maneuver. The largest vein diameter and reversal blood flow of pampiniform plexus of veins were measured. According to physical examination, the varicocele was graded as grade I and II or III. Beside routine laboratory investigations, serum follicular-stimulating hormone (FSH), luteinizing hormone (LH), and total testosterone levels were measured. Patients with azoospermia, total necrospermia, recurrent varicocele, and pituitary hormonal abnormalities (such as high LH, FSH denoting primary testicular failure) were excluded from the study. In all patients, subinguinal microscopic varicocelectomy was done by the same surgeon who tried to preserve lymphatic vessels, testicular and vasal arteries in every case. The testis was delivered through the incision to facilitate ligation of external spermatic and gubernacular veins. Semen analysis was done (according to World Health Organization criteria 2010) preoperatively and 6 months postoperatively. Patients were declared responders if an improvement (to the normal value) occurred in at least one of the previous abnormal semen parameters.
End points
Our primary end point was determination of any significant predictors of varicocelectomy effect on sperm density and motility. The secondary end point was identification of proposed cut-off values of significant factors.
Statistical analysis
Univariate analysis was done using the unpaired student t-test and chi square test when appropriate. Multivariate logistic regression analysis and receiver operator characteristic (ROC) curves were plotted to outline the suggested cut-off values for significant parameters. Measurements were automatically calculated using Medcalc software.
Results
Of the 137 patients enrolled in this study, 123 patients completed the follow-up period for 6 months postoperatively. The mean ± standard deviation of age, body mass index (BMI), and subfertility duration was 28.3 ± 7.4 years, 29.1 ± 2.7 kg/m 2 and 21.9 ± 7.1 months, respectively. In total, 66 patients (53.6%) had bilateral varicocele, and unilateral disease was found in the other 57 (46.3%) cases.
Varicocele grade I was diagnosed in 42 (34.1%) patients, while the other 81 (65.9%) patients had grade II or III. Minor complications were noted postoperatively; these included testicular pain in 4 (3.2%), edema in 6 (4.8%), and hydrocele in 2 (1.6%) patients. Improvement of sperm density and/ or progressive motility was noted in 87 patients (70.7%). Six months after varicocelectomy, there were statistically significant increases in the mean total testosterone level, sperm density, and progressive motility. Postoperative FSH and LH levels did not significantly differ from preoperative ones ( Table 1 ). Most patients with preoperative higher grades of varicoceles had significantly improved semen parameters after varicocelectomy. The results of the univariate analysis demonstrated that grade II or III varicoceles, preoperative total testosterone level, sperm density and progressive motility had affected the outcome of varicocelectomy (these results were statistically significant) ( Table 2, Table 3 ). ROC curve analysis proposed 8 million/mL and 18% as cut-off values for the preoperative sperm density and progressive motility, respectively (Fig. 1) .
Discussion
Varicocele is the most common correctable cause of male subfertility. The incidence of varicocele in the general population is about 15% and contributes to at least one-third of male factor infertility. 5 Varicocelectomy is a cost-effective treatment for infertility, with microsurgical subinguinal or inguinal as the best techniques. 6 The beneficiary effect of varicocelectomy on the improvement of semen parameters has been extensively studied. 15 However, these trials have not achieved a consistent conclusion due to the heterogeneity of inclusion criteria and variability of treatment methods.
In a study on 133 patients, sperm concentration, morphology, and motility improved in 42%, 57% and 29% of patients, respectively. 16 In their meta-analysis of 22 articles studying varicocelectomy outcome on semen parameters, Belzile and colleagues recorded that the mean increase of sperm concentration was 12.3 × 10 6 /mL (p < 0.0001), while the mean improvement of motility was 9.7% (p = 0.003). 
Varicocelectomy for male subfertility
In the present study, we tested various preoperative patient demographic, clinical and laboratory parameters to predict varicocelectomy results on semen analysis. The statistically significant increase in sperm density and progressive motility had a mean of 10.4 × 10 6 and 25.4%, respectively. Many reports denied any relation between age at varicocelectomy and results of semen analysis or pregnancy rates. 16, 17 Hsiao and colleagues found that microsurgical varicocelectomy resulted in substantial changes in sperm concentration and sperm count in all studied groups, especially in men aged between 40 and 60 years. 18 Also in this study we noted no effect of patient age on the degree of improvement in postoperative semen parameters. Choi and colleagues noted that lower age of the patient at the time of varicocelectomy was correlated to enhancement of sperm motility. 19 The effect of obesity on male subfertility has been documented. Handel and colleagues reported a negative association between BMI and occurrence of varicocele. 20 Hammoud and colleagues addressed the correlation between low sperm concentration and obesity. 21 Our study confirmed that lower BMI is an insignificant parameter for improvement of semen parameters after varicocelectomy. These results were also supported by Pham and colleagues, who stated that varicocelectomy for men with clinically palpable varicoceles has a significant chance of improving semen parameters regardless of preoperative BMI. 22 With the exclusion of cases of high LH or FSH denoting primary testicular failure from our study, we found that the duration of infertility and preoperative LH and FSH levels did not affect the impact of the varicocelectomy on postoperative semen analysis. Total testosterone level increased significantly after varicocelectomy and the improvement in semen parameters was better in those patients with preoperative levels under 400 ng/dL. These results concur with those by Hsiao and colleagues, 18 while Kondo and colleagues concluded that low serum FSH and high testosterone significantly predicted improvements in semen parameters. 23 In a retrospective study of 202 patients, Rodriguez and colleagues did not find any significant predictive factors for improvement of the seminal fluid parameters. 24 Many researchers have suggested that the clinical degree of varicoceles is associated with a response to the varicocelectomy and patients with higher varicocele grades had greater improvements in seminogram. 16, 25 Jonathan and colleagues noted that sperm count and motility improved significantly post-varicocelectomy in men with a vein diameter of more than 3 mm, while those with veins smaller than 3 mm showed insignificant changes in seminogram. 26 This was similarly noted by Jarow and colleagues. They found that seminogram parameters improved in men with varicoceles detected by ultrasound and proposed the same cut-off value of 3 mm. 27 Our results were similar to these articles; moderate or severe varicoceles (>3 mm vein diameter) were associated with better semen analysis outcome. These parameters showed significant predictive values in both univariate and multivariate analyses. Also, the preoperative sperm density and motility greatly affected the degree of post-varicocelectomy improvement, as such cases with sperm concentration and progressive motility of less than 8 million/mL and 18%, respectively, had no significant improvement in subsequent semen analysis. Our study has its limitations, including the relatively low number of selected cases and the absence of a power calculation. Therefore, higher cohort studies of open inclusion criteria are recommended to support our findings.
Conclusion
The grade of the varicocele, sperm density, and progressive motility are major predictors for the outcome of varicocelectomy. Cut-off values of >8 million/mL and >18% for sperm density and progressive motility in men with varicoceles of grade II or III indicate a successful outcome.
